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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolytic solution 
secondary battery in which generation of battery swelling can be 
suppressed even if vinylene carbonate is made to be dissolved in the 
electrolytic solution and even if cycle characteristics have been improved. 
SOLUTION: This manufacturing method of this nonaqueous electrolytic 
solution secondary battery has been made to be provided with a vinylene 
carbonate dissolving process in which the vinylene carbonate is made to be 
dissolved in the nonaqueous electrolytic solution, a carbon dioxide gas 
dissolving process in which carbon dioxide gas is made to be dissolved and 
made to exist in the nonaqueous electrolytic solution wherein the vinylene 
carbonate has been dissolved, and a solution-injecting process in which the 
nonaqueous electrolytic solution into which the vinylene carbonate has 
been dissolved and the carbon dioxide gas has been made to be dissolved 
and made to exist in the nonaqueous electrolytic solution is injected into a 
sheath can 1 4. By this, oxidative degradation of the vinylene carbonate 
dissolved in the electrolytic solution becomes to be suppressed by the 
effect of the coatings formed by these carbon dioxide gas and vinylene 
carbonate. As a result, even if the nonaqueous electrolytic solution 
secondary battery 1 0 is left out at high-temperatures, the battery swelling 
is obstructed. 
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C ft e.OiEffitmffifcfilSai'r 

mB^-^yi}-^—h^mm-i£titapyi<mmmicm to 

be* O^jftSnfcttM&iOTgJfrarnT 
cne.OiE«ii:ftS*l®f8t-r*-fe^U— 3M<fllft? 

$ t tux. fc**WMrawt»T?« o t, 
t* z imw.wm-'X'mko 

hOdtlttRDIWoMCSLTO. 1 ~ 40 
5. 6«Ji%-efc*c:i:*«Filfc-r*W*«3*fctttt 

[W*3B 6 ] flijfEK^WSfi (0 0 2) BwaKfS 
(doo 2 ) *<0. 3 4 0nra«TO^^5Ct 

i: -r siren 3 *^ p.sg5t?s 5 ©i^-r ft/wcisss© 

[S»#3S7] MfBiEffiti, L i CoOj, L i N i 
02. LiNio.sCoo.2O2, L i MniOi^fzitun 

eii^n 6 (o^irnmcM?.m(ommmm-^nm 0 so 
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[0 001] 

»a • B«^riia:M8i6*m*»5a:*ii«isiMi*«rr 

H**frr*IE«fc» cft6©IE«i:ftffi*HBBM-S-fe 
[0 0 0 2] 

*>*JiPA • BUOTflgft* L i C o O2, L i N i 02, 
LiMn204, L i F e 02^?© 'Jf ^Aftlf^l 

»Lfcifs*«iw([*fliv'>Ttij«*n*^wi»"P**. 

[0 0 0 3] tcST, CKOJc^^U^-^A-^JftCD 

g&ISBfc&oTVSo CcD^-p^mSSSKM (S E 
I : Sol id Electroytelnterface) &1SbWt%>Wfat. L 

Tit. -mmat, *»»#»c«saisiin*j*»an-rs 

h (VC : KTWiVCfct^) *%f.nT 
[0 0 0 4] 

affitS E I tfJBfiSc£ftT s JK*.ft«±T©#7WB»»i 

BaH^bfco ens, v ctffflm-£tirzw.wm&m^ 
rz u K—Amm^m^r-mm-r -5 1> vc ^s^t^ 

^©Brtb^iK^stiTcfl^/^y^oy-x) tint, 
aitinr-xssia-r**? «8gfco»*tfsi< *s^© 
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to o o 5] tcT?, *mwmm&. ttfcnmmfcvc 

BWkf^= /o 
[0 0 0 6] 

^ffijcif-u^-^-h (vc) ^»stser 
»«h:Kit^rx*«#*-e:ssii*x»#xa4:, vc 

[0007] c(D£?\c, vctrmmisn. tc-o&mx 

[0 0 0 8] ^LT, vctf»ll**ftfc#*««P»fc:l« 

7kSS?fficoM«!c»LT5. 011%^?,}:, Site 

?SOSMt*fLT0. 1~5. 0®S%fC-r«<D*<aS 40 

[0 0 0 9] Sfc, ftffi*«fiR-r*B8R*f»i: LTfi, 
(0 0 2) (BOfSP^lPi (doo 2 ) #0. 3 4 0nmUT 

LTti, (0 0 2) ffi©ffiMPS (doo2) #0. 34 0 

3„ 4*. *mm. IE«S1MtfcS^tt#7j<tt!?«© JO 



ttl2 0 0 3-8 6 2 4 3 
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IC{±, LiCo02, L i N i 02, LiNio.sCoo.2 
02. L i Mm 04 IA\> 
[0 0 10] 

i. 

coiN7k««Hftn^«}isi on. n.m«.i 1 £ie«ri 
mcLtzmmm&fi&<Dft$£toi 4 reikis ltiiat 
?gmfct*p^nT^5o fit, n.m&i ifrzmthL 

fcftffi'J— Kl 1 aliWl 5Ktfi|ittl 5bS)>L 
TA^Ll6e.n/c:ffi?Sl 5 c t^^tlTI/^o 
[0 0 1 1] &*5, 4§m£l 5 ctcSCtP,nfcS?L^P. 

mmm^iim^rcik, a«*s? 1 5 a 1 5 c t 
4 i:wp» 1 5 t<omicm^h,r\ \s-*fmmc£ *) 

Tt/">Ts C<DX^— 9-1 6tc«fc»)«8i8M>Wgffil 4rt 
[0 0 12] -tr/SU— * 1 3li*'JlfU'>l 

flRJBU f&fittl 5 b^/rLTJlSfti? 1 5b^lxT 

-rsfc^icti, ^ffii 4fe«tt;^pi*i 5<Dtfm*T 

fiK?ns3N7j<mfl??S— ^flfe 1 OOf^ffif^Hllco^T. 

mmicmw-rz,, 

[0 0 13] 2. ^7j<*P?S-^®ftfeClf^© 

( 1 ) tkMfawm 

(0 0 2) ®<DSf?gPI (doo2) *^0. 3 3 6 n 
mT% cfft^lq)©^^©^:*^ (Lc) A<2 0 0 nm 
■Z'Wi^nmt^ 2 0 ii mCDWVimm (2 9 5 0 0 CT'^Efig L 



5 

t, mmmtisToxri'^-T'Zzsx-y^K csb 

R) ^f^X^>*3> (H»»tt4 8«i%) ^7j< 

-X (CMC) fcjSira, I^LttiX7'J-^iaL 

mf&tkt)m#m$& '. SBR:CMC=95:3:2h& 

[0 0 14] ^S^J^LTti, X^U>~^^^ 

xvzfix (SBR) tC«x.T. (;<*) 7^ UP 70 

fc> tI?£giJ£:bTte. *;b#*s/*^Mr;l/n--x (c 
MC) icftiLT, ^^;l/"b;l/n-x. hKd^>^W 
-t;bu— X. xf;l/-tr;VP- X. ;HU If x;l/T;l/n— 
;K *U7*U;l/i OS) . &{fcx#-?% D >SHtx 20 

[0 0 15] OV>T% «Jgfr5&S&aSl«f**fl!* 
^cOMffitC. tiit^#<«S/ct) 1 0 0 g/m 

H»«»<03t*ffift* 1 . 6 g/cm 3 tc&£<};d 

— Kl 1 a^M^ntt^o 50 
[0 0 16] (2) jESHEOfHK 
¥*5ffi&5 /imO^I/bBUf'JA (L i C o O2) 

N-^f;b-2-^D"JF> (NMP) fc#y:7y{fci£ 
-Uf> (PVdF) *5H«%»»bfcJS»»J»«fc 
^H^flDKatbT 9 5 : 5 £&S«fc3fc:iIttbT. IE 
SWi-SWILfto 

[0 0 17] OV^T\ 7yl/^x£A?S;fr&&3iEa*« 
#*fl!*U ±SEOcfc9^«bfeiE«X9U-*jEa ^ 
*«{*<DSSBifc:* iEa««(tO*ttffi«SrcD 2 4 0 g 

■«»«ifto 1 5 oxv2mmn^n»^ 
tzXA, mm&mvftmmmtfs. 2 g/cm^c&^ct 

RffSOJBtt^«BrbTiHI«OiEffi«l 2 
H»cE«ffh*«»fc:ttiEax^U— S**** 1 . 

[0 0 18] (3) mil??&<DUIiy 50 


r 
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X?-U>*— h (EC) £;*^l/X?-;l/27 — 
-b (MEC) fr5£Si&&iSfflt (EC : MEC = 3 
0 : 7 0 : ftfttb) tc L i P F 6 ^ l €vrt//y y b;Ur§ 

x fcbfco O^T\ <loa»?SxtcVC 
*BfS«»*Pbfeo CCT\ VCO*S«tf> 0. 0 5 
«*%U:a*cfeak:Bi«bfe*««»}K*«)W«a 

u o. mm%\c^^o\cmmi,rcmistmmiR^m 

#»b4:U 1. 0M%lcft5J:5lc|IIIILftfflW 
*»*«Wffici:U 5. 0KB%fcft , SJ:3fc:BI»b 
rc*a«B«*«««d4:U 10. 0M%tft*cl: 

a icnwb^4MMiim««ii*tte * b^ Q 
[0019] -73. *s#fc«e«L itt*jaa*sibfeKtt 

#X (CO2) £/BiftU c OgJK*X*SiS#£ET 

*fcK»*x^l^rs*T»j»**Tai«bfe*W 
S¥$t£:S8??£ f t U ±3* b tpicfcWtfJxtfim 

aj-r « * »» a -ema b rc««««p«[« *|» « g t 

[0 0 2 0] ft*. fcbTtt. x^P 

b (EC) i:^^l/x^i/*-#*— h ' 
(MEC) ^SftSfi^SMEfcrefcT* S^x^/l/*— aR 
b (DEC) . ^Pk!l/>*-#*- K 

K tTxuv*— K ^u^v^y 
x;W->^>, 3-^;l/X;l/^>\ 2, 4-^y 
^l/X;U^^v. 3-^^;l/-l, 3-^-^*9*yu^v 

^-h. r^bx^vl/*— ^ptf;l/*— # 
1. 2-^b^>x^X fh7tFn77 
2-^f;I/f F7t:FD77X l. 3-S^J-^V 

ink^^k mm^fr&zvmw, 2«»is^ 

**6^li:3*»B*«4RI^Tfeii/\ 
«HSOjS*fcbTt±. LiPF6(Cf^^T, LiBF 4> 
LiCFsSOs. LiAsFe. LiN (CFaS 
02)2, LiC (CF3SO2) 3, LiCFs (CF 2 ) 3 
S Os&E&m^T&X^o 

[0021] ( 4 ) mknmm-&nm<Dttm 

ov>T% ±»OJ:5fcbTflF«bfcJia«l 1 i:IEa« 

^6ft*-fe/^U— * l 3^fr£2^Tfite^to-eT^# 
«tc#Ielb^o ot^T% cn^JS^Ptc^^cfcdtcJf bo 
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«D±a5tcx^-^i 6*E«ufc«, hmb¥<o&B6« 1 

<DIE««l 2*D«a-r*iE*U-H**1«ffil 4 fc» 

gffil 4©HP«ICBiLft. O^T\ Mffil 4 (DBS 
P»<DJBfifci*P#l 5fcOIB*U— !f»*Lfc. 
[0 0 2 2] fLT, Jdffi©cfc3fciH«Lfc*«»?K 
x, a-e, y, f - j 1 5 c fcRttBtlfc 

1 5 a?«?«l 5 cfc»«LTt*±Lfeo cntc<£ 
t>\ ^ff§i^7 0 0mAh^M (i?^ : 5mm, 
(6 : 3 0 mm, : 4 8 mm) OUf«)Ar3WKlS 

X, A, B, C, D„ E, Y f F, G, H, I, J ^ 

»rrSlC|RLT«:. «»«*»B*fc*«*«fe».- « 

/Co • ' 

[0 0 2 3] 3. tf>f*Jl/#teK» 


(5) «fBB 2 0 0 3 - 8 6 2 4 3 

8 

^cn&OMiX, A, B, C, D. E, Y, F, G, 

h, i, j zzn^nm^T. mm m2 5°o r% i 

OOmAO^m^gST. WfeMHJ$4. 2VtC&£3:T 
Stt^tfttt U 4 . 2 V Q^«JET««[ffitf 2 0 m A K 

M-tz&T-feni&tmLrco aom. 7oomA©M 

T. 5 0 0*>f*;l/ao»t8i (mAh) ^^i6rc 0 
Ot^, SJffiOftigifc 5 0 O+M' $Mk(DikWgm 

OSl (llB(li:C02*t4L) feJ:tf82 (ttitHft 

[0 0 2 4] cn^dSiaX, A, B, C, 

D, E, Y t F , G. H, I, J«rffi^T. giS (^2 
5 °C) T\ 7 0 0mA OTEBWfttT, *WflBE*« 4 . 2 
VfcftSST5£«»B£«U 4. 2 V<D5£«JET?«8M6 
^2 0mAH:ltSS"Pt«E3HLT, Ltl^SI 
ffcX. A, B. C, D, E, Y f F, G, H, I, J 

20 A. B, C, D, E, Y, F, G, H, I, J 8 0 °C 

A. B, C, D, E, Y, F, G, H, I. J 

[0 0 2 5] 

[*1] 


mm 
mm 

n. m m <o m m 

(m A h) 


Mm-zimmti 

(mm) 

X 

1H LiPF. EC/MEC 

7 0 0 

7 0 

+ 0. 15 

A 

1M LiPF. EC/MEC+VC (0. 05%) 

7 0 0 

7 0 

+ 0. 1 7 

B 

1M LiPF. EC/MEC+VC(0. 1%) 

7 0 0 

7 5 

+ 0. 2 5 

C 

1M LiPF. EC/MEC+VC (1.0%) 

7 0 0 

8 5 

" + 0 . 3 1 

D 

1M LiPF. EC/MEC+VC (5.0%) 

6 8 5 

8 5 

+ 0 . 3 3 

E 

1M LiPF. EC/MEC+VC(10.0%) 

6 4 0 

8 5 

+ 0 . 4 0 


[0 0 2 6] ±|E« 1 V>t&m:frZ>W 5 fcs VC 

fttSitf6 8 5mAh (VCO^iO»^5. 0 %<£>m 
r&D) &%>IH±6 4 0m A h (VCO»I^1 0. 0 

%<DBftkE) tH'Ms^ SI, ^*;u#tt#fpj± 
t. Mmmmmwic s e i cose nc 


l^t^VCOttl^O. lgI%tt±T*5. 0 

[0027] — fifl?JKtcgsipb/cVCO^iiaa^ 
O2) *«it««J:3H:«tei6le, ««»ti*^#< 


-5- 


(6) fifB82 0 0 3-8 6 2 4 3 

9 10 

iC&^Tti, V C*^»Stlfc«»»»cK»^ (CO [0 0 2 8] 


mm 

m a? % <» m m 

(mA h) 

•9- 4 9 >\> 
EH£(%) 

(mm) * 

Y 

1U LiPF« EC/MEC +CO2 

7 0 0 

7 0 

+ 0. 0 8 

F 

1M LiPFa EC/MEC+VC(0. 05%)+C0 2 

7 0 0 

7 1 

+ 0 . 0 8 

G 

1M LiPF a EC/MEC+VCCO. 1%) +C0* 

7 0 0 

7 6 

+ 0. 0 8 

H 

1U LiPFe EC/MEC+VC(l.O%) +CO* 

7 0 0 

8 6 

+ 0. 0 8 


1M LiPF« EC/MEC+VC (5. 0%) +CO* 

6 8 4 

8 6 

+ 0 . 10 

J 

1U LiPF. EC/MEC+VC (10. 0%)+C0 2 

6 4 0 

8 6 

+ 0. 18 


[0 0 2 9] ±Bm.2<DmmfriE>WZ>fr%:& : 0fc > VC 

tmmncDmmY<D®Mi&mBmtf7 oomAh 
s<4^i:ffot, wmi&nmmtfe s a mA h cv 20 

CO»i^5. 0 %OSH& I ) x 640mAh (VC 

a»§o cwt, ftttBaRkKft^rx (co 2 ) 
vc*«#-rs«»«jc««*x (C02) 

[0 0 3 0] 4. j|®J^iStfcm<D&M 

$f\ (0 0 2) ffiOERBPB (doo2> *<0. 3 4 On 
m (d 002 = 0. 3 4 0nm) 0«jR»»*ffll/^ftcl 

T\ VC©tti*M. 0Kfi%tc*Si:i:fetcCO2 

*»»*^rW»bfeWaWt»ffi (1M LiPFe E 
C/MEC+VC (1. 0%) + CO2) ^ailt, 
±&tmm\C, g|tgI^7 0 0mAhTft^ 0P#: 


5 mm. m : 3 0 mm, I? : 4 8 mm) <D3E7]<tt#??& 

[0 0 3 1] tcfc, (0 0 2) ffiOffiP^PS (doo 2 ) 
0. 347nm(doo2 = 0. 3 4 7 nm) (D&zMttU 

ttm^ttz tasiii. ±afcPi*fcbTft««i i*ff 

fek!C02*»»S*TBIHbfc*«tt»}S (1M Li 
P F 6 EC/MEC + VC (1. 0%) + CO2) £r£ 

misT, ±&tmm\c^ mmnmwi oomAh?M 

052* : 5 mm, (g : 3 0 mm, iS£ : 4 8 mm) cO^ 

ikmmm^xmm l *ff » b/c 0 

[0 0 3 2] cn^Oa-«?ftK, L^rfll^T. ±»ra« 

a^Sft«*-Y*;i/*5 0 otNr*;i/»9SbTfro-t\ 

5 0 oy^?M&(Dmnmm (mAh) £r3<£>ft:o 

r% 5 0 oV'ftM&cDikm&mtcD 

3Ki;S?*cJ;d&iie«fc&ofco Sfc. cti^OMi 
K, L**?Mbfc«. ±»fclW»fc:, 8 0°CO|?H^ 
^tc3S^rfttSftMbT, jKgmO^&S^K, LcDttftU 

mzKomtum aeiifn) ^sbet**:, tib^s 

ttffiH (MSKfglvffl : doo2 = 0. 3 3 6 nm, MP® 
jffi : 1 M L i P F 6 EC/MEC + VC (1. 0%) 
+ CO2) ©*S*fc0M£T^bTl^£ o 

[0 0 3 3] 

[S3] 
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(7) 


0 


2003-86243 


12 


mm 

£ m &t sb tt & 

(mAh) 

£ft£(%) 

(mm ) 

H 

d oo 2 = 0 . 3 3 6 n m 

7 0 0 

8 6 

+ 0 . 0 8 

K 

d oo*= 0 . 340nm 

6 9 0 

8 4 

+ 0. 10 

L 

dooi=0. 347nm 

6 2 0 

8 0 

+ 0 . 2 0 


[0 0 3 4] ±!3«3©*§*fr6W&fraJ:3fc:, (0 
0 2) ffitOSP^Pl (doo 2 ) ^0. 3 4 7 nm(doo2= 70 
0. 3 4 7 nm) <Dfcm#n*n&fcfn^tcW&Ll£& 

"^cktfdfrSi cn«* (002) ffio®r^Pi (d 

002) #0. 3 47 nm (doo2 = 0. 3 4 7 nm)$T? 
*£<&£k. cOSiW^M^ (CO2) 

6. ftitfflt^K*«fii:LTIi, (0 0 2) fficoffi 
KIPH U002) #0. 3 4 0 nmWTO«*»fi*ffl^ 20 

[0035] 5. mmmvbnttf&mi 

T\ $?\ lE^rgf&lHkLTL i N i o.sCoo.aOz^: 

«wfccfctww\ ±afcn«»cuTiE«Ei 2*fp« 

Lfco COiEffiSl 2 k. ±a?fcRI«a:ftffi« (doo 2 
= 0 . 3 3 6 n mt0K3R»») 1 1 *ffll^T«l#*fE 
SU c/D«H¥**1*ffil 4fc»ALfc 0 o^T% V 30 
C©^ltfi. 0M»%£S:Skkfcti:cO2*igjR 
2^T8B«Lfc^WS« (1M L i PF6 EC/M 
EC + VC (1. 0%) + CO2) «Lt, ±*gk 
IWKfc:. SW-8itf7 0 0mAhTft* (JP#: 5m 
m. d : 3 0mm. : 4 8 mm) <D#7k«jB8S~3fc 

[0 0 3 6] Sfc, lE^ffi^HkLTL i Mn 2 04^ 
^ftctKJHi, ±akn«»cLTjE«Sl 2*ff«L 
fc. c^iESSi 2 k. ±i£kH«fc&IS« (doo2 = 
0. 3 3 6 nm«TO) 1 l*«^TttWtfM ^0 


(Dtfi^l. 0K«%fcft*fcfcfcfcCO2*}S»S 
■li:T!iaB!LfcWaS)Wai (1M LiPFe EC/ME 
C + VC (1. 0%) + CO2) ^a^LT, ±£&k[WI 
SIC, Kff-a*fc<7 0 0mA h-CftJB (JP# : 5mm. 
ilf : 3 0 mm. BIS : 4 8 mm) O^Nc««HK— 

[0 0 3 7] ^^>tc. JEfiiiSfelSkLTL i C o0 2 k 
L i Mn204 fc<Dtt&jE«8«Mt (L i C 0O2 : L i 
Mn2 04=50 : 50 > MMtt) Sffl^ftilkCWtt, 
±»fclW*KUTIE«El 2*fls«Lfc 0 C©IEffi«l 
2k. ±a>k[BIS^a« (doo 2 = 0. 3 3 6 nm(D 

1 1 fe £ c 02 *»»£-&TW« ufc*r« 

(1 M LiPFe E C/M EC + VC (1.0 
%) + CO2) ^rftfSUT. ±xEkfl|«tC. RWMtf 
7 0 0mA hT*fafc 0?2* : 5mm. ifi : 3 0mm. ift 
S : 4 8 mm) <0^7jc«Bffi^«fflO*f^HLfco 
[0 0 3 8] cnSO&fliffiM. N, O^rfflV^T. ±kE 
BI«&?6tt«*-<*;l/*5 0 01M*;1/»DSLT?to 
T. 5 0 OV'CZMIkcoWLmmm (mAh) £:3<a6fco 
0^1?. SI«Bfl[)»«8ii: 5 0 0*^^;l/ft©»iSi 
kOit^^&T. -^-r^^ttkLTsRfeSk, TIB 

jtilM, N. 0^fL/-A ±3£k|WIfiHc. 8 0°C<0 
*B*+«C3HWI^rtfcllbT, K. L 
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